The objective of this research was to evaluate the chemical composition of grain of 20 winter wheat, rye and triticale varieties grown in Lithuania. The grain of the tested varieties was analysed for crude protein, crude fat, crude ash, crude fibre, and amino acids. The Pearson's correlation coefficient between the components of grain chemical composition (except amino acids) was calculated. The highest concentration of crude protein was determined for the variety 'SW Talentro' (triticale) and the lowest for the rye variety 'Palazzo' (P < 0.05). Among the wheat varieties tested, the 'Mariboss' contained the highest concentration of crude fat (1.56% dry matter) and crude fibre (2.19% dry matter) (P < 0.05). Among the rye varieties tested, the highest and dominant mean content of neutral detergent fibre was determined for the variety 'Matador' (20.59% dry matter) (P < 0.05). The grain of wheat varieties had a high content of acid detergent fibre ('Rigi') and acid detergent lignin ('Mariboss') (P < 0.05). Furthermore, a very strong correlation was determined between individual fibre fractions of grain, that is between hemicellulose and neutral detergent fibre content (r = 0.99) and between acid detergent fibre and cellulose (r = 0.93). A negative correlation was determined between the crude protein and nitrogen-free extract (r = −0.83). The study revealed that the wheat variety 'Zentos', the rye variety 'Dankowskie Amber' and the tirticale variety 'SW Talentro' accumulated a higher amount of amino acids in comparison with the other cereal varieties tested. The results of the study showed that the chemical composition (crude protein, essential amino acids, nitrogenfree extract, neutral detergent fibre) of grain of the triticale varieties was more similar to that of wheat varieties compared with rye varieties.
Introduction
Cereal grains provide most of the calories and proteins consumed worldwide. The current annual world production is more than 2.5 billion tons. This output is either directly channeled to the food industry or used as animal feed to provide meats, dairy, and poultry products. Among cereals, rice, wheat, and maize yield approximately 89% of the total production and constitute the mainstay of practically all cultures. The other less important cereals are barley, oats, sorghum, rye, triticale and millets. All cereals are starchy foods and contain protein that does not meet the essential amino acid balance required by growing infants. They are considered as good source of energy, most B vitamins, and dietary fibre when consumed as whole grains. Cereal grains help to reduce the risk of certain types of cancer and coronary heart disease (Serna-Saldivar, 2016) . More than half of the world's protein supply is provided by the grain of cereal species, especially wheat, rice, maize and barely and also by a wider range of cereal species (Békés, Wrigley, 2016) .
Cereal crops are cultivated worldwide in diverse environments, ranging from warm lowlands to temperate highlands (Lage et al., 2008) , including Lithuania. Botanically cereal grains belong to the grass (Poaceae) family that includes wheat, rice, barley, oats and rye. Cereal endosperm flour contains approximately 70-80% starch, 5-15% protein and 0.5-4% non-starch polysaccharides (Topping, 2007) . Cereal grain yield is a complex of multi component character and is greatly influenced by various environmental conditions. Grain chemical composition (including amino acids) of different cereal varieties depends on various factors such as grain size, sowing time (Kong et al., 2014) genotype, climate conditions (Janušauskaitė et al., 2013) , environment (Akçura et al., 2011) , fertilisation, soil conditions (Manès et al., 2012) . These parameters can affect chemical characteristics of cereal grains, including their energy content, crude protein, fibre fractions or minerals (Rodehutscord et al., 2016) .
There is a wide range of cereal varieties, and many of them are grown in Lithuania, therefore it is very important to comprehensively evaluate the chemical composition of grain of different cereal varieties and to determine which ones have improved chemical constitution. Twenty varieties of winter wheat, rye and triticale grown in Lithuania were investigated with the focus on the composition of amino acids and fibre fractions (neutral detergent fibre, acid detergent fibre, acid detergent lignin) in grain.
Material and methods
Sample collection and preparation. Grain samples of the varieties of winter wheat and winter triticale were collected from the Kaunas Plant Variety Testing Station (PVTS) and winter rye -from Plungė PVTS. Six wheat varieties, seven rye varieties and seven triticale varieties were used for this study. Analysis of the growth parameters of cereals is shown in Table 1 fibre (NDF) and acid detergent lignin (ADL) using a cell wall detergent fractionation method according to van Soest (Faithfull, 2002) . Nitrogen-free extract (NFE) was calculated as follows: NFE (%) = 100 − (moisture % + crude protein % + crude fat % + crude ash % + crude fibre %) (Serna-Saldivar, 2012) . The content of cell wall structural carbohydrates hemicellulose and cellulose was calculated as the following differences: cellulose = ADF − ADL and hemicellulose = NDF − ADF (Hindrichsen et al., 2006) . Analyses of amino acids were performed by AccQ-Tag method (Waters..., 1993) . For these analyses we used Shimadzu (Shimadzu Corp., Japan) low pressure gradient HPLC system consisting of solvent delivery module LC-10AT VP , auto injector SIL-10AD VP , column oven CTO-10AC VP , spectrofluorometric detector RF-10A XL , system controller SCL-10A VP , on-line degasser DGU-14A, and for HPLC system control and data collection Workstation LC Solution (Shimadzu Corp., Japan). Chromatographic separation by reversed-phase HPLC was carried out with a Waters AccQ-Tag NovaPak C18, 4 µm, 150 × 3.9 mm chromatography column at temperature 37°C. For separation, 10 µL of derivatives were injected. Separated derivatives were detected at Ex 250 nm-Em 395 nm. A gradient flow was used for separation of amino acid derivatives. Flow rate was set at 1.0 mL min -1 . The mobile phase consisted of eluent A (prepared from Waters AccQ Tag Eluent A concentrate by diluting of 100 mL of concentrate to 1 L of ultrapure water), eluent B (acetonitrile) and eluent C (ultrapure water) (Waters..., 1993) .
Statistical analysis. Statistical significance was established using one-way analysis of variance (ANOVA), and the data were reported as a mean of standard deviation. Mean comparison and separation were done using Duncan's t-test (P < 0.05). ANOVA and Pearson's correlation analysis were conducted using the statistical package SPSS 22. Means in the same column with different superscript letters are significantly different.
Results and discussion
Chemical composition. The chemical composition of grain of 20 varieties of cereals is presented in Table 2 . The mean crude protein content for all varieties of cereals ranged from 9.40% DM (rye 'Palazzo') to 12.51% DM (dry matter) (triticale 'SW Talentro'). Among the wheat varieties, the grain of 'Zentos' accumulated the highest amount of crude protein (11.71% DM), whereas the lowest quantity of crude protein was determined for 'Kovas DS' (10.36% DM) (P < 0.05). Our results are in agreement with those of Liatukas et al. (2012) , who found that the protein concentration in the grain of the five winter wheat varieties ('Zentos', 'Kovas DS', 'Zunda DS', 'Kaskada DS' and 'Vikaras DS') ranged from 10.9% to 12.4% DM. In rye and triticale grain, the concentration of crude protein was especially high for the varieties 'Virgiai' and 'SW Talentro', respectively. In our Note. Means in the same column with different superscript letters are significantly different, a-g -P < 0.05; SD -standard deviation, NFE -nitrogen-free extract. study, the level of crude protein was lower compared with the results reported by other authors. Kliseviciute et al. (2014) stated that crude protein content among the different varieties of triticale ranged between 10.47% DM 'Tulus' and 13.74% DM 'Lego'. Rakha et al. (2011) have indicated that the content of crude protein in cereals (triticale varieties), grown in different sites, could vary: the protein content in the grain of triticale grown in Sweden in Kölbäck was 14.9% DM, whereas that of triticale grown in another site in Svalöv was 13.0% DM. Kowieska et al. (2011) reported that crude protein content was 11.70% DM in triticale winter varieties grown in Poland, and these results agree with the findings of our study. Žilic et al. (2011) identified protein content of 9.29-13.96% DM in rye varieties.
The analysis of crude fat in the grain revealed that the highest values were identified for wheat (the mean 1.39% DM, among them the highest content was established for the variety 'Mariboss') and the lowestin the triticale (the mean 1.19% DM, among them the highest content was established for the variety 'Sequenz'). The NFE consists of carbohydrates, sugars, starches and a major portion of materials classified as hemicellulose. The mean NFE concentration ranged from 73.66% DM for wheat varieties to 75.92% DM for rye varieties. The concentrations of NFE were in general agreement with the data of Anjum et al. (2014) , who reported, that for 19 different varieties of wheat the NFE in grain ranged from 78.78% to 82.92% DM. Our results showed that the wheat varieties grown in Lithuania had lower concentration of NFE. As shown in Table 2 , the mean level of crude ash for the triticale varieties is 1.50% DM and for the rye varieties -1.10% DM. The highest concentration of crude ash was determined in the grain of the triticale varieties 'Adverdo' (1.63% DM) and 'SU Agendus' (1.58% DM) and the lowest in 'Remiko' (1.33% DM) and 'Grenado' (1.43% DM). In contrast of our study, Rodehudscord et al. (2016) determined a higher concentration of crude ash in different varieites of wheat (1.61% DM), triticale (1.80% DM) and rye (1.72% DM).
The content of different fibre fractions is presented in Table 3 . The NDF content in grain varied between the different cereal varieties The concentration of NDF in the grain of wheat varieties ranged between 11.59% DM ('Agil') and 13.79% DM ('Mulan'). The NDF content was the highest for the rye variety 'Matador' (20.59% DM) and the lowest for the 'Brasetto' 14.79% DM (P < 0.05). Among the studied grain of triticale varieties, 'Sequenz' had the highest content of NDF (13.10% DM) and the lowest NDF level was found in 'SU Agendus' (10.32% DM) (P < 0.05). Wheat varieties showed the highest mean contents of ADF and ADL. The results of the present study showed lower concentrations of NDF in the grain of rye and triticale varieties than Note. Means in the same column with different superscript letters are significantly different; a-g -P < 0.05; SD -standard deviation; NDF -neutral detergent fibre, ADF -acid detergent fibre, ADL -acid detergent lignin. those recorded in some earlier studies of Žilic et al. (2011 Žilic et al. ( ), Mullenix et al. (2014 and Kaplan et al. (2015) . A higher amount of NDF in the grain of wheat, rye and triticale varieties was reported by Kowieska et al. (2011 ), Anjum et al. (2014 and Kaplan et al. (2014) .
Composition of amino acids. The present study showed the differences in the profile of amino acids of analysed grain of wheat, rye and triticale varieties (Table 4) . Cereal grains and legumes constitute a major source of protein in the human diet (Comai et al., 2007) . People, as well as animals, are able to synthesise only 9 (non-essential) out of the 22 amino acids. The remaining amino acids (essential amino acids) must be provided in food. Wheat and triticale protein is characterised by a high content of exogenic amino acids, whose germs compose a valuable component of functional foods (Sidhu et al., 2007) . According to the present study, the mean content of amino acids in wheat grain is higher than that in rye or triticale grain. The mean content of lysine, obtained in the present study, was relatively lower from 3.22 (wheat) to 3.01 (triticale) g kg -1 DM than that reported by Kowieska et al. (2011) . The analysed wheat, rye and triticale varieties differ among themselves to a statistically significant degree in the content of essential amino acids: lysine, threonine, isoleucine, valine, leucine, phenylalanine and tyrosine (P < 0.05).
Our investigation once again confirmed that cereal grains are poor in lysine, but make up an optimal source of sulphuric amino acids, which was confirmed earlier. When calculating the total amino acids concentration in the grain Note. Means in the same column with different superscript letters are significantly different; a-g -P < 0.05; SD -standard deviation; Lys -lysine, Met -methionine, Thr -threonine, Ile -isoleucine, Val -valine, Leu -leucine, His -histidine, Phe -phenylalanine, Tyr -tyrosine, Arg -arginine, Asp -asparagine, Ser -serine, Glu -glutamic acid, Pro -proline, Gly -glycine, Ala -alanine.
of wheat varieties, the lowest value was determined for 'Mariboss' -103.09 g kg -1 and the highest -118.45 g kg -1
for 'Rigi'; among the rye varieties the lowest content was determined for 'Palazzo' -81.33 g kg -1 and the highest for 'Dankowskie Amber' -101.61 g kg -1 ; for triticale varieties the lowest in 'Grenado' -85.16 g kg -1 and the highest -101.66 g kg -1 for 'SW Talentro'. Kliševičiūtė (2014) reported that for wheat varieties the mean glutamic acid concentration was 32.99 g kg -1 , proline -9.73 g kg -1 , leucine -6.82 g kg -1 . Zafar et al. (2014) determined that the contents of asparagine (0.253 g 100 g -1 ), glutamic acid (0.907 g 100 g -1 ), leucine (0.446 g 100 g -1 ), arginine (0.374 g 100 g -1 ) and histidine (0.181 g 100 g -1 ) in the triticale grain were lower than the maximum values observed in this study.
Correlations of parameters. In addition to the presented results (Table 5) , statistical analysis of the data also confirmed a very strong correlation between the hemicellulose and NDF contents (r = 0.99). These results were in agreement with those of Hossain et al. (2013) . A negative correlation between the crude protein and NFE (r = −0.83) was determined. A low correlation between were estimated for the grain tested (r = 0.17-0.34). The ADF content in grain showed positive correlations with cellulose (r = 0.93).
Scientists identified highly significant positive correlation among fibre components, including ADF, NDF and ADL. Cardinal et al. (2003) in sheaths of grains found larger correlations between NDF and ADF (r = 0.84), NDF and ADF (r = 0.96). In the present study, we did not find significant correlation of ADL with either ADF or NDF.
Conclusions
1. Considerable differences in grain chemical composition of different winter wheat, rye and triticale varieties grown in Lithuania were determined. The highest content of crude protein was determined in the grain of the winter triticale varieties 'SW Talentro' and 'SU Agendus' -12.51% and 11.89% dry matter (DM), recpectively, but the highest mean amount of crude protein was identified in the grain of wheat varieties (11.71% DM). The highest crude fat and crude fiber values were determined for wheat varieties -the mean amount was 1.39% and 1.80% DM, recpectively (the highest content was established for the variety 'Mariboss'). The lowest content of crude fat was in the grain of triticale varieties, it varied from 1.01% ('SW Talentro') to 1.37% ('Sequenz') DM. The lowest crude fiber content was found in the grain of rye varieties, it varied from 0.80% DM ('Matador') to 1.36% ('SU Stakkato') DM.
2. The concentration of neutral detergent fibre (NDF) in the grain of the rye variety 'Matador' was the highest (20.59% DM) compared to the other rye varieties. The highest contents of acid detergent fibre (ADF) and acid detergent lignin (ADL) were found in the grain of the wheat varieties -'Rigi' (3.85% DM) and 'Mariboss' (1.26% DM), respectively. The lowest contents of cellulose (including ADF and ADL) and hemicellulose (including NDF and ADF) were found in the grain of triticale varieties -the mean amount 1.76% and 8.76% DM, respectively.
3. Our ivestigation confirmed that the grains of winter cereals are poor in lysine, but are an optimal source of sulphuric amino acids. The highest essential amino acid Lys was determined for the rye variety 'Matador' -3.91 g kg -1 DM. However, the highest methionine content was determined for wheat variety 'Mulan' -1.08 g kg -1 DM. The lowest total amino acids concentration was detected for the wheat variety 'Mariboss' -103.09 g kg -1 and the highest for 'Rigi' -118.45 g kg -1 ; among the rye varieties the lowest content of amino acids was in the grain of 'Palazzo' -81.33 g kg -1 and the highest in 'Dankowskie Amber' -101.61 g kg -1 ; in triticale varieties it was the lowest for the 'Grenado' -85.16 g kg -1 and the highest for the 'SW Talentro' -101.66 g kg -1 . 4. The results of our study indicated that chemical composition (crude protein, essential amino acids, nitrogen-free extract, neutral detergent fibre) of grain of triticale varieties was more similar to that of wheat varieties than rye varieties.
5. Cereal grains are the main components of compound feed for animals, and wheat grains can be replaced by triticale grains, because they accumulate a similar level of crude protein, essential amino acids leucine, isoleucine, tyrosine, celullose, hemicelullose and acid detergent fibre.
